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[57] ABSTRACT

An automatic focusing device for camera is so formed
as to attain high precision and rapid automatic focusing
even for those photographing lenses whose focal length
1s variable as in the case of zoom lens.

8 Claims, 8 Drawing Figures

/

LLALAN NN

VIS

9 ©



U.S.

Patent Nov. 13, 1984 Sheet 1 of 4 4,482,235
Ad
)
8
3 —— /\ 7 l,’f
[ 4
P |
7 >
| |
/
\ / |
— \ XA l
2 AX—]
I
26 28 29 2/0 26 37 35
oy o SV A7 7 77
A Rz =i ":""‘"\
4 N / X
It IPROCESSING F===-== A O, _—T1
’ !§ ““““““ ::‘::::.“__":__—:*:_ = 12
! ) I A—34b Ei‘ T3
22 23 A NS N T4
U 2irag sy mE NN\

< /
= [71299) 3o\ osp |7 (L4 | #

33
P 0 |20 3) p

L) I_(2 L3 [_E




4,482,235

Gt 174%
81 . YA

Sheet 2 of 4

LINJYID — D

o0

5 HOLY /v
B_....

w N

N9

z A0 . AV13Q
Y=

O GP 17474
Sud

o
al¥
%
-

LINJYID 4
HOLY n
St )b
. 11ND41D
A010 AV13Q

11NJY1D
ONI 133130

ot

L1N2d 10

ONILO4130




U.S. Patent . Nov. 13, 1984 Sheet 3 of 4 _ 4,482,235

FIG. 7

f q‘F*' -




5
N
N 301A3Q ac
& ONI 103140 5
2 SND0A P
< 9 EOIVAE (¢ l I 1 11
TOHLNOD — ) .
JXe
- _ = S
N oc | S
< HO1VHINID m
o G GG 451Nd =
P v WoIa013d| D
7, | >
ll_
3
eS8 b

£,
N

Nov. 13, 1984
HOLV'1
I
HOLV"]
gl
5
|

-

oA
I 0
I_.
o
m ;v'
\

LS

< ﬁnl! .
M20010 | 2t
Gt .

U.S. Patent

)
QA



.
AUTOMATIC FOCUSING DEVICE FOR CAMERA

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an automatic focus-

ing device for a camera and more particularly to such

an automatic focusing device in which the detection of
focus is carried out by ‘measuring the light transmitted
through the photographing lens of the camera. The
present invention relates also to a photographing lens
for use in automatic focusing cameras.

2. Description of the Prior Art

As an automatic focusing device for single-lens reflex
camera there is well known such a focus detection de-
vice in which the existing deviation of the real ; image
plane of the object from a determined focal plane of the
taklng lens such as the film plane is detected by measur-
ing the light transmitted through the taking lens. Typi-

cal examples of such focus detection device are dis-
closed, for example, in U.S. Pat. Nos. 4,185,191 and

4,264,810. With this type of focus detection device, the
taking lens of the camera can be brought into the in-
focus position by drwmg the focusing lens of the taking

lens system through a distance corresponding to the
detected image plane deviation.

Where the taking, lens has.a definite constant focal
length, the relationship between the detected deviation
and the distance over which the focusing lens must be
shifted remains substantially constant. Therefore, in this
case, the necessary high precision control for focusing
can be performed in a relatively simple manner by shift-
ing the focusing lens correspondingly to the detected
deviation of the image plane.

However, where the taking lens is variable in focal

length as in the case of zoom lens, the above relation-
ship between detected deviation of image plane and the
amount of shift of the focusing lens is no longer constant
but variable. Therefore, in this case, it is very difficult to
attain high precision and rapid automatic control of
focusing. In addition, for such automatic focus control
used in a single-lens reflex camera, it is absolutely neces-

sary to transmit various signals in a reliable manner 45

between the exchangeable taking lens structure unit and
the camera body. In these years, the number of signals
to be transmitted to the camera body from the ex-
changeable lens structure unit has increased more and
more. For example, various information of the taking
lens such as preset or controlled aperture value, object
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distance and maximum aperture value are desired to be

transmitted to the camera body as electrical signals.

- Naturally this means that many terminals must be
provided to transmi these various electric signals to the
camera body from the exchangeable lens unit. How-
ever, the space in the lens unit available for such termi-
- nals is very limited. It is very difficult in practice to
reserve a sufficient space to provide such a large num-
ber of terminals. Further, the increase in number of such
signal transmission terminals may cause many serious
troubles such as wrong electrical contact.

SUMMARY OF THE INVENTION

Accorcingly it is an object of the invention to provide
an automatic focusing device for a camera with which
high precision and rapid automatic focusing can be
achieved and independently of the change in focal
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length of the variable focal length photographing lens
such as a zoom lens.

It is another object of the invention to provide a
variable focal length photographmg lens for automatic
focusing which can generate an image plane shift signal
and a correction signal useful for correcting said shift
SIgnal correspondingly to the set focal length. |

It is a further object of the invention to provide an
exchangeable lens structure for automatic focusing
which can generate from one and the same terminal
different signals including an electric signal related to
the shift of the focusing lens used for automatic focusing

operation and other information signals related to the

exchangeable lens thereby decreasing the number of
terminals required for signal transmission.

Other and further objects, features and advantages of
the invention will appear more fully from the followmg

description taken in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectlonal view of an automatic focusing
camera; |

FIG. 2 is a schematic view of the optical path illus-
trating the relationship between the shift of the focusing
lens and the shift of the Ob_]ECt image;

FIG. 3 is a sectional view showing an embodiment of
the zoom lens structure according to the invention:

FIG. 4 1s an enlarged perspective view of a part of the
zoom lens structure shown in FIG. 3;

FIG. § is a circuit block diagram showing an embodi-
ment of the invention; -

FIG. 6 is a circuit block dlagram showing a second
embodiment of the invention;

FIG.71sa Cerlllt diagram showmg the motor driving
circuit; and

FIG 8 i1s a circuit block diagram showing a third
embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referrmg first to FIG. 1 there is shown a signle-lens
reflex camera in which a focusing lens can be moved
correspondingly to the deviation of i 1mage plane then
detected. |

Designated by 1 is an exchangeable lens structure unit
including a taking lens 2. The light coming from an
object and transmitted through the lens 2 passes
through the light transmissive part of a quick-return
mirror 4 provided with a sub-mirror 5 disposed directly
behind the main mirror 4. The light is reflected by the
sub-mirror toward a focus detection device 6 on the
bottom part of the camera body. The focus detection
device 6 detects the deviation +=AX of the real focus
plane 8 from a definite focal plane 7 of the lens 2, for
example, from the film surface. The focus plane 8 is a
plane on which an image of the object is really formed
at the time. The sign = of the deviation AX represents
the relative position of the object focus plane 8 to the
definite focal plane 7. In other words, the sign + gives
information of whether the focus plane 8 is in front of or
behind the focal plane 7. The absolute value of the
deviatton AX represents the magnitude of the now exist-
ing dewatlon of focus.

Designated by 9 is a control circuit which generates
a driving signal in response to the output AX from the
focus detection device 6. A motor 10 in the exchange-
able lens structure unit 1 is driven into forward rotation
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or reverse rotation or i1s brought into an instant stop by
the driving signal issued from the control circuit 9. In
accordance with the driving signal, the motor 10 moves
the taking lens 2 toward its focus position through a
transmission system 11,

12 is image plane shift signal generating means. Said
signal generating means 12 makes up an image plane
shift signal representing the amount of shift of the focus
plane 8 resulting from the movement of the lens 2. The
shift signal 1s made up based on the revolution number
of the motor 10, the moved distance by the transmission
system 11 and the distance moved over by the lens 2.
The image plane shift signal is transmitted to the camera
body from the lens unit 1 and is applied to the control
circuit 9. When the image plane shift signal reaches a
value corresponding to the value of the focus detection
signal AX, the control circuit 9 stops the motor 10 in-
stantly. In this manner, the taking lens 2 1s moved over
a distance just enough to shift the image plane 8 through
a distance corresponding to the deviation AX of the
image plane detected by the focus detection device 6.

FIG. 3 shows an embodiment of the zoom lens barrel.

In FIG. 3, an exchangeable zoom lens structure unit s
generally designated by 20. The zoom lens structure 20
comprises a focusing lens Ly, a variator lens L, a a
compensator lens L3 and a master lens L4. On the rear
end surface of the lens structure at which the lens unit is
attached to the camera body there are provided signal
terminals Ti, T2 and T3 and a ground terminal Tj.
Through the signal terminals various signals are trans-
mitted between the lens structure and the camera body.

The motor driving signal issued from the control
circuit 9 in the camera body is transmitted to a process-
ing circuit 21 in the lens structure 20 through the termi-
nals T1 and Tj,. The processing circuit 21 tncludes a
motor driving circuit for driving a motor 22 and a mod-
ulation circuit of which a further detailed description
will be made later. According to the motor driving
signal from the camera body, the processing circuit 21
produces an output to drive the motor 21 in forward
direction or reverse direction. The rotation of the motor
22 is transmitted through a gear 23 to a lens barrel 24 for
holding the focusing lens L. The lens tube 24 is pro-
vided with a gear in mesh with the above gear 23 and a
helicoid screw thread in engagement with the corre-
spondingly formed helicoid thread 25 on the inner
surface of a fixed tube 25 so that with the rotation of the
- motor 22 the focusing lens Lj is moved forward or
backward along the optical axis. In mesh with the gear
23 there 1s also a small gear 26 with a pattern 27 formed
on the end surface thereof as shown in FIG. 4.

The pattern 27 is so formed as to detect the shift of
the image plane. To this end, the circular end surface
area of the small gear 26 1s divided into four sections
having equal area. That is, the pattern 27 is composed of
two highly refractive sections 27aq, 27aand two low
refractive sections 275, 27b as shown in FIG. 4. A light
source 28 projects light on the pattern 27 at a definite
point. The reflected light from the pattern is received
by a photosensor element 29. Therefore, the photo sen-
sor element 29 generates two pulses per one revolution
of the gear 26 and therefore per one rotation of the
pattern 27. These pulse signals are transmitted to the
terminal T3 through the processing circuit 21 as image
plane shift signal. The pattern 27, light source 28 and
photo sensor element 29 together constitute image plane
shift signal generating means.
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Generally speaking, the relationship between the shift
Ad of focusing lens and the shift AX of image plane
varies depending on the optical characteristics of the
taking lens such as the focal length thereof. Further-
more, the relationship between the revolution number
of motor 22 and the amount of movement of focusing

lens L also varies depending on the chararacteristics of
the transmission system therebetween. Accordingly, the
relationship between the number of revolutions of the

motor and the shift of focus plane is variable depending
on the optical characteristics of the taking lens and the
transmission system for different kinds of taking lenses.
To meet it, this signal generation means has different
patterns 27 for different kinds of taking lenses. The
number of sections into which the pattern 27 1s divided
1s changed according to the kind of the taking lens then
mounted. By forming said signal generation means in
this manner there is produced the same image plane
shift signal for the same image plane shift AX indepen-
dently of the kind of the taking lens. In other words, for
the same shift AX there are generated always the same
number of pulses irrespective of the kind of taking lens.

However, the above is not applicable to the case
where the taking lens is a zoom lens. In the case of zoom
lens, the relationship between the shift Ad of the focus-
ing lens and the shift AX of the image plane resulting
from the movement of the lens can not primarily be
determined but the relationship varies depending on the
focal length then set of the zoom lens. More concretely,
when the set focal length of the zoom lens i1s changed
from f; to f3 (f,>f}), the shift of the focus plane in-
creases in proportion to square of the ratio of the latter

- focal length to the former, namely proportionally to
(f2/f1)2. As readily understood from it, when the zoom

lens is set to a long focal length, the shift of the image
plane resulting from the same amount of movement of
the focusing lens becomes remarkedly large as com-
pared to the case where the zoom lens is set to a short
focal length. On the other hand, above said image plane
shift signal generating means generates the signal on the
assumption that the focal length of the zoom remains
fixed to a certain predetermined focal length. That is,
said signal generating means generates the image plane
shift signal based on a fictitious focal length. According
to the shown embodiment, the maximum focal length of
the zoom lens is selected for the fictitious focal length.
The selection of the maximum focal length for the ficti-
tious focal length brings about an advantage that at
shorter focal lengths there are generated a larger num-
ber of pulse signals for the same shift of the image plane.
In the case of zoom lens, therefore, the image plane shift
signal has to be corrected correspondingly to the set
focal length of the zoom lens. A really effective image
plane shift signal can be obtained only after making such
a correction. Although it is preferable to select the
maximum focal length for the fictitious focal length, it is
to be understood that any value within or out of the
variable focal length range of the zoom lens also may be
selected for the fictitious focal length. If a value out of
the variable focal length range of the zoom lens 1s se-
lected for the fictitious focal length, the output of said
signal generating means can not directly represent the
real image plane shift for any focal lengths within the
zoom range. However, by correcting the output in the
manner described above, an image plane shift signal
indicative of the real shift can be obtained. Therefore,
such an output 1s also referred to as image plane shift
signal. For purpose of this specification the image plane
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shift signal is defined as a signal obtained by converting
the amount of the movement of the focusing lens into a
signal based on a determined relationship. In this em-
bodiment, the correction is carried out by introducmg
information of focal length ratio into the processing
circuit in the followmg manner:

Referring again to FIG. 3, the variator lens L and the
compensator lens L3 are held in lens barrels 30 and 31
respectively which lens barrels in turn have stud pins 32
and 33 respectively. The stud pins 32 and 33 extend
passing through a rectilinear guide slot 256 formed in
the fixed tube 25 and then engages in cam slots 34¢ and
345 formed in a zoom tube 34. The zoom tube 34 is
integrally formed with a zoom operation ring 35 which
1S manually rotated for zooming operation. A focal
length ratio input device is composed of a variable resis-
tor 36 and a slide brush 37. The slide brush 37 is slide-
movable on the resistor 36 to change the resistance
value thereof. The resistor 36 is connected to the pro-
cessing circuit 21 whereas the brush 37 is fixed to the
zoom operation ring 35. An angular position of rotation
of the ring 35 determines a ratio of the set focal length
to the maximum focal length, which ratio is introduced
into the processing circuit 21 from the focal length ratio
input device as a resistance value.

A portion of the circuit including the processmg-

~ circuit 21 within the lens structure unit and the associ-

ated circuit within the camera body will hereinafter be

~ described with reference to FIG. 5.

In FIG. 5, the light source 28 is constituted of an-

electric power supply source 38, a resistor 39 and a
light-emitting diode 40. The light emitted from the
light-emitting diode 40 is reflected upon the pattern 27
and the reflect light enters the photo sensor element 29
which is, in the shown embodiment, a photo transistor.
The emitter of the photo transistor 29 is grounded and
the collector is connected to the terminal T3. The vari-
able resistor 36 of the focal length ratio input dewce 1S
- connected parallel to the photo transistor 29.

The arrangement of the circuit prowded within the
camera body 1s as follows:

A terminal T'; is connected to the termmal T3 in the
lens structure when the lens is mounted on the camera

body. A constant current source 41-is connected be-

tween the terminal T'3 and ground to supply a constant
current to the terminal T'3. 42 is a comparator which
makes a comparison between the potential of the termi-
nal T'3 and the reference potential of a reference voltage
source 43. The output of the comparator 42 is applied to
the clock input terminal of a programmable counter 45
serving as a frequency divider thmugh a delay circuit
44. The output of the counter 45 is applied to the con-
~ troller 9 shown in FIG. 1. 46 is a peak detecting circuit
for detecting the peak potential of the terminal T’3. The
analog output from the peak detector 46 is converted
into a digital value by A/D converter 47 and the digital
value 1s latched by a latch circuit 48. The output of the
latch circuit 48 determines the number of increments of
‘the programmable counter 45. That is, when the
counter 1s regarded as a frequency divider, the fre-
quency dividing ratio thereof is determined by the out-
" put of the latch circuit 48. .

The manner of operation of the above embodiment is
as follows:

The zoom lens structure 20 shown in FIG. 3 is

10

6

~sponse to which the control circuit 9 generates a motor
~driving signal corresponding to the focus detection

signal. The motor driving signal is transmitted to the
processing circuit 21 in the lens structure through termi-
nals T1, T2 shown in FIG. 3. Thereby the motor 22
starts rotating to move the focusing lens L in the direc-

‘tion for focusing and also to rotate the pattern 27 on the
‘gear 26.

On the other hand, the focal length set by the zoom
operation ring 335 is introduced into the variable resistor

- 36 1n terms of focal length ratio. With the rotation of the
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pattern 27, the light emitted from the light-emitting

diode 40 shown in FIG. § is made incident intermit-
tently upon the photo transistor 29 thereby rendering it
conductive and non-conductive alternately Since the
constant current from the constant current source 41
flows into the circuit part including the parallel-con-
nected photo transistor 29 and variable resistor 36, the
potential at the terminal T3 becomes ground level, that
is, a low level potential when the photo transistor is
rendered non-conductive and becomes a high level
potential determined by the resistance value of the resis-
tor 36, that 1s, by the focal length ratio when the photo
transistor is rendered conductive. In this manner there
are generated at T3 pulse signals amplitude-modulated
by the information of the focal length ratio. The pulse
number of the pulse signal represents the shift of the
image plane caused by the movement of the focusing
lens for the maximum focal length. The amplitude of the
pulse signal represents the focal length ratio. The refer-

‘ence potential of the reference voltage source 43 pro-

vided within the camera body is so selected as to be a
value between the minimum pulse amplitude by the

~variable resistor 36 and the ground potential. Therefore,

the comparator 42 converts the amplitude-modulated
pulse signal into a shaped pulse signal having a certain

- constant amplitude while retaining the pulse number

4
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50

perfectly. The peak detecting circuit 46 detects the peak
value of the amplitude-modulated pulse signal, that is,
the focal length ratio. Thus, the comparator 42 sepa-
rates and extracts only the pure image plane shift signal
from the shift signal containing also the focal length

ratio superimposed thereon. The peak detector 46 sepa-

rates and extracts only the focal length ratio from the
superimposed signal. The output of the peak detector
46, that is, information of the zoom ratio is converted
Into a dlgltal signal by A/D converter 47. The digital
signal is latched by the latch circuit 48 which then de-
termines the number of increments, that is, the fre-
quency dividing ratio of the programmable counter 45
according to the information of zoom ratio (focal length
ratto). On the other hand, the shaped pulse signal of the

- comparator 42 representing the image plane shift signal

35

60

65

mounted on the camera body 3 shown in FIG. 1 havmg |

the circuit shown in FIG. 5. The focus detector 6 in the
camera body generates a focus detection signal in re-

is delayed by a delay circuit 44 until the increment

number described above is determined for the counter

45. After the delay time, the shaped pulse signal is ap-
plied to the counter 45 which counts it. Thus, the
counter 45 frequency-divides the pulse signal from the
delay circuit 44 by the frequency dividing ratio deter-
mined based on the information of the focal length ratio.
Therefore, the output pulse signal from the counter 45
represents, by its pulse number, the real shift of the
image plane independently of the focal length of the
zoom lens. This pulse signal is the image plane shift

signal corrected to remove the effect of the focal length.

Therefore, in this specification, this signal is referred to
as corrected image plane shift signal. As soon as the
corrected image plane shift signal from the counter 45
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has got in coincidence with the image plane shift de-
tected by the focus detector 6, the control circuit 9
shown in FIG. 1 issues a motor instant stop signal to
stop the motor 22 instantly.

In the manner described above, the focusing lens L1155
moved exactly a distance just corresponding to the
output from the focus detector.

FIG. 6 shows a modification of the embodiment
shown in FIG. 3.

In this modification, the photo transistor 29 and the 10

variable resistor.36 are connected in series to each
other. The terminal T3 is connected to the connection
point of the transistor 29 and the resistor 36. A power
source S0 supplies power current to the serially con-
nected 29 and 36. The constant current source 41 in the 15
embodiment of FIG. 5 is unnecessary for the modified
embodiment of FIG. 6. Other parts of the modified
embodiment correspond to those of the embodiment of
FIG. 5 and therefore need not be further described.

A concrete form of the motor driving circuit within 20
the above-described processing circuit will be described
with reference to FIG. 7.

The driving circuit shown in FIG. 7 drives the motor
22 in response to the motor driving signal coming from
the camera body. The motor driving ctrcuit includes 25
transistors T to Tgand a power supply source E{. 31 is
a light-emitting diode serving as the light source 28 for
projecting light on the above-described pattern. The
power source E; supplies power current to the light-
emitting diode 51 through transistor Tg. To drive the 30
motor into forward rotation, low level signal and high
level signal are applied to terminals T and T respec-
tively. To drive the motor in the reverse direction, high
level signal and low level signal are applied to T; and
T5, and to stop the motor instantly low level signal and 35
low level signal are applied to Ty and T3 respectively. In
the respective cases, the motor driving circuit operates
in the following manner. Hereinafter, high level signal
and low level signal are referred to simply as H sugnal
and L signal. | 40

(a) For forward driving:

Applied to the terminals Tjand Toare L 51gnal and H
signal. Transistors Ts, T7 and Tg are rendered conduc-
tive by this L signal. With the conduction of the transis-
tor Ts, transistors T1 and T4 are rendered also conduc- 45
tive. The remaining transistors remain all non-conduc-
tive. By the conduction of transistors T and T4 power
is supplied to the motor 22 from the power source E;.
The motor 22 starts rotating in forward direction. At
the time, by the conduction of transistor T, the light- 50
emitting diode 51 i1s put on to project light upon the
pattern 27.

(b) For backward driving:

Applied to terminals T; and T, are H signal and L

8

conduction of Tg. Consequently, only T2 and T4 be-
come conductive with the conduction of Tsand Te. By
the conduction of these two transistors T» and T4 the
motor 22 is short-circuited and brought to an instant
stop. The light-emitting diode 51 lights on also at the
instant stop of the motor 22. However, since L signal 1s
applied to terminals T and T; for only a short time
required to stop the motor instantly. Therefore, after

the short time the light of the diode 51 is put out.
(d) For stopping;: |
H signal is applied to both of terminals T and T7. All

the transistors T to T9 are rendered non-conductive.

Therefore, no power is supplied to the motor 22 and
light-emitting diode 51. The motor stands stOppmg and
the light-emitting diode is being Oftf.

As described above, the light-emitting diode 51 1s
energized to emit light only when the motor 22 1s being
driven forwardly or backwardly to move the focusing
lens 1. This has the effect of saving power.

In the embodiment shown in FIG. 5, the light-emit-
ting diode 40 continues to emit light during the time the
peak detector 46 is detecting the information of focal
length ratio. Therefore, there is the possibility that even
when the light from the light-emitting diode 40 1s inci-
dent on the low reflective section 2756 of the pattern 27,
the light may enter the photo transistor 29 via any unex-
pected path. In such a case, it is possible that the photo
transistor 29 can not completely be blocked. This will
hinder the accurate detection of the information of focal
length ratio. According to,another embodiment of the
invention, this problem can be eliminated completely.
The embodiment will be described hereinafter with
reference to FIG. 8.

In FIG. 8, the llght -emitting diode 51 substantially
corresponds to that in the embodiment of FIG. 7. The
light-emitting diode remains deenergized during the
time of no power being supplied to the motor 22. Also,

 photo transistor 29,:variable resistor 36, constant cur-

rent source 41, comparator 42, reference voltage source
43, programmable counter 45, A/D converter 47 and
latch circuit 53 shown in FIG. 8 correspond to those
previously shown in FIG. 5. «

The embodiment shown in FIG. 8 includes a second
latch circuit 53. The second latch circuit 53 reads and
latches the output of the first latch circuit 48 only when
a high level output is applied to it from AND gate 34.
The input terminals of AND gate 54 are connected to
the output terminals of the control circuit 9 respec-
tively. |
55 is a periodical pulse generator for generatmg a
trigger pulse. The trigger pulse has a period sufficiently
larger, for example, 5 to 50 times larger than the period
of the output pulse signal of the comparator 42. The
pulse width of the trigger pulse is equal to or a little

signal. By this L signal transistors Te, Tg and Tg are 55 shorter than the period of the output pulse signal from

rendered conductive. With the conduction of the tran-
sistor Tg transistors T3 and T are also rendered conduc-
tive. All the remaining transistors remain blocked. By
the conduction of transistors T3 and T> the flow of
power current is reversed to that for forward rotation. 60
Therefore, the motor 22 rotates in the reverse direction.
~ Also, in this case, the light-emitting diode 51 1s put on.
(c) For instant stop:
L signal is applied to both of terminals T and T for
a predetermined time. Thereby transistors Tsto Tg are 65
rendered conductive. Transistor T31s forcedly rendered
non-conductive. by the conduction of T7 and also tran-
sistor Ty is forcedly rendered non-conductive by the

the comparator 42. The output terminals of the pulse
generator and comparator 42 are connected to the input
terminals of AND gate 56 the output terminal of which
is connected to the input terminal of a multivibrator 57.
In response to the rising of high level output of AND
gate 56, the multivibrator 57 sends out a high level pulse
to the input terminals of A/D converter 47 and OR
gates 58 and 59 for a certain determined time. The mput
terminal through which the hrgh level output pulse 1s
applied to A/D converter 47 is A/D conversion start
signal input terminal. The pulse width of the output
pulse from the multivibrator 57 is smaller than the
width of the pulse signal from the comparator 42. The
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control circuit 9 receives the outputs from the focus
detector 6 and from the counter 45 and produces out the
motor driving signal to the processing circuit 21 in the
zoom lens structure 20 through OR gates 58, 59 and
terminals T4, T'y, Ty, T'». | |

‘The manner of operation of the embodiment is as
follows: | - |

The control circuit 9 receives a detection signal from
the focus detecting circuit 6 and generates a motor
driving signal corresponding to the received detection
output. According to the motor driving signal, the
motor 22 within the zoom lens structure is driven for-
- ward or backward to move the focusing lens in the
direction for focusing. At the same time the light-emit-
ting diode 51 is put on. .
- With the rotation of the motor 22 the patter 27 also
rotates and the comparator 42 continuously generates
pulse signals. During the generation of this pulse signal,
the periodical pulse generator 55 generates a trigger
pulse. Since, as previously noted, the pulse width of the
trigger pulse is nearly equal to the period of the pulse
from the comparator 42, the output level of AND gate
necessarily becomes high during the generation of the
trigger pulse. | |

In response to the rising of above high level output,
the multivibrator 57 generates a pulse for a short time.
By this pulse. the potentials at terminals T and T, are
both rendered high for a short time through OR gates
58 and 59. Therefore, the light-emitting diode 51 is
~deenergized. Naturally the power supply to the motor
22 is cut off for a short time by the above high level
potential. However, the. motor continues to rotate
owing to inertia. The output pulse from the multivibra-
tor 57 1s applied also to the A/D conversion start signal

10

15

20

235

30

‘nput terminal of A/D converter 47. The potential of 35

terminal T3 at the light-out of the light-emitting diode
31, that is, the resistance value of the variable resistor 36
i1s converted into a digital value which is latched by the
latch circuit 48. When a determined relationship is es-
tablished between the corrected image plane shift signal
from the counter 45 and the output from the focus de-
tector 6, the control circuit generates a signal for stop-
ping the motor instantly for a short time, and renders
the potential level of both of terminals Ty and T, low to
stop the motor at once. After stopping the motor 22
1instantly, the control circuit 9 applies a high level signal
to both of terminals T and T to cut off the power
supply to the motor 22. The high level outputs at both
the terminals T1 and Tz allow AND gate to transmit the
latch signal to the second latch circuit 53. In response to
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tion being read in. Therefore, this arrangement com-
pletely prevents the accuracy of detection from being
adversely affected by stray light or the like.

In the above embodiment the second latch circuit 53
has read and latched the focal length information output
from the first latch circuit 48 at the fall-down of the
high level output of AND gate 54, that is to say, imme-
diately after the focusing lens has been moved over a
distance corresponding to a focus detection signal gen-
erated at a certain time point. This means that if the
focal length of the zoom lens is changed by the photog-
rapher after the completion of this movement, the sec-
ond latch circuit 53 can not read the information of the
new focal length given by the focal length change. In
such a case there is produced the problem that the next
focusing operation is performed based on wrong infor-
mation of focal length. However, this problem may be
solved in a simple manner by connecting an inverter to
the output terminal of AND gate 54. In'the arrangement
modified by the connection of an inverter in this man-
ner, the second latch circuit 53 reads the output from
the first latch circuit 48 when the output of AND gate
54 1s inverted from high level to low level. The time
point at which the output of AND gate 54 is inverted
from high level to low level is the time point at which
one of the two outputs of the control circuit 9 is turned
to low level to drive the motor in accordance with the
next focus detection signal. Therefore, the second latch
circuit 53 can read the information of the new focal
length at the start of the next focusing operation.

‘While the invention has been particularly shown and
described with reference to preferred embodiments
thereof it is to be understood that various changes and

‘modifications may be made therein without departing

from the scope of the invention. |
- For example, it is not always necessary for the infor-
mation of focal length to be in the form of focal length

- ratio as shown in the above embodiments. Since the
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the latch signal, the second latch circuit 53 reads and .-

latches the output from the first latch circuit 48. The
output from the second latch circuit 53 determines the
increment number of the counter 45 and makes it pre-
‘pared for correcting the image plane shift signal result-
ing from the movement of the lens according to the
focus detection signal generated after that.

In this manner, on the completion of the lens move-
- ment corresponding to the focus detection signal, the
second latch circuit 53 reads the output of the first latch
circuit and introduces the information of focal length
ratio to the counter 45 as a correction value. Based on
the correction value, the counter 45 corrects the image
plane shift signal resulting from the focus detection
signal generated after that.

As described above, according to the embodiment
shown in FIG. 8, the light-emitting diode 51 is forcibly
put off during the time of the focal length ratio informa-
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information is used to correct the change of the rela-
tionship between the shift of focusing lens and the shift

-of focus plane caused by the change of focal length, the

set focal length per se may be introduced as the neces-
sary correction information. Focal length ratio is a mere
example of various processed forms of the focal length.
Therefore, the correction information may be in other
processed form than focal length ratio. Furthermore,
the purpose for which above correction is made may be
attained by correcting the focus deviation detection
signal of the focus detector 6 by use of the focal length
information.

In the above embodiments, the focal length informa-
tion has been transmitted to the camera body from the
lens structure by means of electric signal. However, the
transmission of the focal length information may be
carried out by means of other signals such as mechani-
cal signal, for example a signal pin provided on the lens
structure, magnetic signal and optical signal.

It 1s also to be understood that the variable focal
length lens structure used in the invention is never lim-
ited to those lenses whose focal length is variable con-
tinuously as in the case of zoom lens, but it includes
those lenses which are variable in focal length sepa-
rately.

Also, while the image plane shift signal has been
modulated by focal length information such as focal
length ratio to superimpose the focal length information
on the image plane shift signal, it is obvious that in the
light of the above teachings other various information
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such as information of the value set by the distance
setting ring of the taking lens, information of the set
aperture value, information of the maximum or mini-
mum aperture value may be superimposed instead of
information of focal length. By making superimposed >
signals according to the conception of the invention, it
is possible to transmit a larger number of signals be-
tween the camera body and the taking lens umit
mounted thereon without increasing the number of
terminals. |
We claim:
1. An automatic focusing device for a camera em-
ploying a variable focal length photographing lens sys-
tem and said device comprising:
focus detection means for measuring the light trans-
mitted through said photographing lens, detecting
the existing deviation of the real image plane on
which an image of an object is now being really
formed, relative to a predetermined focus plane,
and generating a signal representing the detected
deviation; |

“driving means for moving said photographing lens
for focusing operation;

means for converting the amount of movement of )5

said photographing lens driven for focusing opera-
tion into a shift signal related to the shift of said real
image plane resulting from the movement of said
driven photographing lens based on a predeter-
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mined relationship mdependent of the change of 4

focal length;
means for generating a focal length signal related to
the set focal length of said photographing lens; and
means for controlling the amount of the movement
by said driving means based on said shift signal,
said focal length signal and said deviation signal.

2. An automatic focusing device according to claim 1,
wherein said control means includes correction means
for generating a corrected shift signal corresponding to
the first mentioned shift signal corrected by said focal 40
length signal; and means for controlling the amount of
said movement by said driving means based on said
corrected shift signal and said deviation signal.

3. An automatic focusing device according to.claim 1,
wherein said converting means converts the amount of 45
said movement by said driving means into said shift
SIgnal in such a manner that when said photographing
lens is set to its maximum focal length, said shift signal
represents the shift of said real image plane.
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4. A wvariable focal length and automatic focusing
photographing lens having a focusing lens and a focal
length changing lens, said photographing lens compris-
ing:

means for drwmg sald foeusmg lens;

means for converting the amount of movement of

said driven focusing lens into a shift signal related
to the amount of shift of the real image plane result-
ing from the movement of said driven focusing lens
based on a predetermined relationship mdependent
of the change of focal length;

said converting means including means for producing

an alternating signal having a period depending on
the moving speed of said focusing lens, sald alter-
nating signal being said shift signal,

means for generating a focal length signal related to

the set focal length; and

terminal means for producing said shift signal and

said focal length signal at the exterior of said pho-
tographing lens.

5. A photographing lens according to claim 4,
wherein said driving means has an electric motor for
moving said focusmg lens, and said alternating signal
producing means is driven by said electric motor.

6. A photographing lens for a camera, being prowded
with a foeusmg lens, said photographing lens compris-
ing: |
means for driving said focusing lens;
means for generating an alternate current signal re-

lated to the amount of movement of said drwen

focusing lens;
means for generating information of said photograph-
ing lens other than the mformatton of said amount
of movement;
means for modulatmg said alternate current signal
according to said information; and
terminal means provided to put out said modulated
alternate current signal toward said camera.
7. A photographing lens according to claim 6,
wherein said alternate current signal generating means
includes means producing a corresponding number of
pulse signals to the amount of shift of the focal plane of
said photographing lens resultmg from the movement
of said focusing lens.
8. A photographing lens according to clalm 1,

-~ wherein said modulation means includes means for am-

plitude-modulating satd pulse signal in accordance with

said mformatton
| x % Xk % &
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